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The Retting of Hemp 
II. Controlled Retting of Hempl 
By W. H. FULLER and A. G. NORMAN" 
Retting of hemp is a biological process that results in 
the separation of the fiber bundles of the outer cortical 
sheath from the woody core and from each other by decom-
position of the surrounding less resistant thin-walled cell~. 
Since the decomposition process is a continuing one, it 
must be terminated before damage to the fiber has com-
menced and yet it must be allowed to continue sufficiently 
long so that the fibers come away readily from the woody 
stalk and upon hackling separate from each other. The 
quality of the fiber is largely dependent upon the success of 
retting and the proper decision as to its end-point. 
Fiber from field-retted hemp cannot be expected to 
approach the uniformity and quality of that retted by 
,controlled methods. Field retting in Iowa is dependent 
upon dew and rain to supply moisture for the activity of 
the microorganisms, which are predominantly fungi (8). 
Dew alone is usually quite insufficient to permit the hemp 
to ret completely. Hemp rets unevenly in the field because 
dew is deposited on the exposed surface of the stalks, 
causing retting to proceed more rapidly in this region than 
on the under side. This is partly overcome by turning the 
hemp during the process of retting, but in spite of this 
practice, retting is by no means uniform. When frequent 
rains accompanied by warm weather occur early in the 
fall, there is some danger of damage to the fiber through 
over-retting (7). Thus, field-retted hemp usually is a 
mixture of unretted, partly retted, well retted and over-
retted material. 
Retting of hemp under controlled conditions, although 
new to North America, has received attention on the Euro-
pean continent. Much of the high quality hemp fiber 
previously imported from Italy was retted either in ponds 
or tanks heated by the sun. More carefully controlled 
methods have been advocated by Ruschmann (14), Carbo:oe 
(2) (3), Rossi (13) and Behrens (1). 
To some extent the principles involved in retting flax, on 
which the literature is quite voluminous, can be applied to 
hemp. Most of the flax grown for fiber is retted in streams, 
1 Project 824 of the Iowa Agricultural Experiment Station. 
2Rcsearch associate. Soils Subsection, and research professor, respectively. 
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ponds or tanks. Commercial production of flax fiber in 
Oregon, for example, involves controlled retting in tanks of 
heated water (9) .. Since the bast fibers of flax and hemp are 
similar in some respects, there is no reason why controlled 
retting of hemp to produce a fine quality fiber should not be 
feasible. 
There is considerable flexibility and range of choice in 
the possible procedures for retting hemp under controlled 
conditions. Since more than one process is possible, choice 
will depend on the characteristics of the product with 
respect to the use to which the fiber is to be put, the cost 
of the operation and the ease with which it can be grafted 
onto the present milling processes. 
In addition to investigations of controlled methods of 
retting, the general principles involved and some of the 
factors that influence the progress of retting are reported 
here. 
SOURCE OF MATERIAL 
Hemp grown at Ames, Spencer and Grundy Center was 
used in these experiments. The hemp from Ames was 
grown on the Agronomy Farm in 1943. The material was 
cut on Sept. 9, when in full bloom, allowed to dry, bundled 
and stored indoors. That from Spencer was cut when in 
full bloom and allowed to lie on the stubble until late 
October. Because of the unusually dry weather in 1943, 
retting was not obvious, although some fungal discoloration 
indicated that slight attack had occurred. Unlike the green 
unretted Ames hemp, the Sp,encer hemp was completely 
bleached by the sun to a light straw color. The hemp ob-
tained from Grundy Center in 1944 was cut about Sept. 15, 
dried in the field and trucked to Ames in a green, unretted 
condition. 
METHODS OF RETTING 
ANAEROBIC 
The anaerobic retting of hemp was carried out in tanks 
under four sets of conditions: . 
1. pH Controlled 
(a) Warm water: 32-45" C. 
(b) Cold water: 27° C. 
2. pH Uncontrolled 
(a) Warm water: 32-45° C. 
(b) Cold water: 27° C. 
The tank employed measured 29" x 32" x 16", and was 
divided into two equal parts by a partition running through 
the center parallel with the length. A copper coil was fitted 
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into the bottom of each part for controlling the temperature 
of the retting solution when necessary. 
Each section held nine bundles of hemp each weighing 
350-400 grams on an oven-dry basis. A hemp to water ratio 
of 1 to 9 was obtained when the packed bundles were just 
submerged. When control of the acidity was desired, a por-
tion of the solution surrounding the hemp was removed as 
soon as the pH dropped to a predetermined level and was 
aerated in a separate container in order to remove the 
organic acids by biological oxidation and so to bring the 
pH back to neutral. After the solution to be aerated was 
remQved it was immediately replaced in the tank by a 
fresh near-neutral solution. This formed the basis of a 
discontinuous recirculating process. When no. control of 
the pH was desired, the fermentation solution was neither 
changed nor agitated. 
To insure proper inoculation at the beginning of the 
ret, an active enrichment culture amounting to 10 percent 
by volume of the total retting solution was added to each 
tank. The primary starter-inoculum was made by covering 
about 1,000 g. of chopped hemp stalks in a crock with water, 
allowing this to stand in a warm place for 36 to 48 hours 
and draining off. In subsequent experiments about 10 per-
cent of the fermentation liquid from the previous run was 
always left in the tank to act as a starter. 
AEROBIC 
AEROBIC RETTING-AERATED SOLUTION 
Hemp may be retted aerobically under water as well as 
anaerobically. The aerobic method of retting was investi-
gated by placing aloxite diffusing stones in the bottom of 
the retting tanks described previously and forcing a meas· 
ured amount of air through the water and submerged 
hemp. The pH was easily controlled by adjusting the 
amount of air passed through the solution. Here, as with 
the anaerobic method of retting, a 10 percent inoculum was 
used to start the ret. 
AEROBIC RETTING-SPRINKLED HEMP 
Another method for retting hemp aerobically involved 
continual sprinkling and recirculation of liquid over the 
hemp bundles. The object was to keep a continuous film of 
moisture on the stalks. Between 4,500 and 4,600 g. of hemp 
on an oven-dry basis, cut into 20·inch lengths, was placed 
over a screen in a box 20 inches x 16 inches. By means of 
four overhead sprinklers water was sprinkled over the hemp 
at a rate of 1 liter per minute. No attempt was made to 
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control the pH or temperature. Because of the uniform 
temperature pf the room, the retting proceeded near 27° C. 
The volume of hemp was 'usually kept at about 1.2 cubic 
feet and the recirculating solution at about 35 liters. 
AEROBIC RETTING-HIGH HUMIDITY 
Since hem}!) will absorb moisture from a water-saturated 
atmosphere, a method involving the retting of hemp in 
an atmosphere of high relative humidity was studied. A 
volume of hemp amounting to about 1.2 cubic feet was 
sprinkled for 10 minutes in the box described above and 
then covered with a wet cloth. High humidity in the box 
was assured by keeping water in the tank below the hemp 
and a saturated cloth over the hemp. Microbial thermo-
genesis was sufficient to bring the temperature of the retting 
hemp to 36-37° C. in a few hours, and to maintain this 
temperature until retting was complete. 
DOUBLE RETTING 
Of the many ways to "double ret" hemp, the one selected 
for study was an aerobic-anaerobic method whereby hemp 
was retted for a period aerobically by sprinkling and then 
finished anaerobically by submerging in a tank. The hemp 
was sprinkled for 30, 36 or 48 hours and then submerged 
in warm, 37° C., or cold, 27° C., water as desired, to complete 
the retting. No control of the acidity was exercised. 
METHODS OF TESTING BREAKING STRENGTH 
A 5-grain bundle of 15-inch fiber was conditioned for 2 
days at 70 ± 2° F. and 65 percent relative humidity before 
it was broken on a Scott tester with jaws 3 inches apart at 
the start; the lower jaw was pulled at a speed of 12 inches 
per minute. Samples from one lot of hemp were also im-
mersed in distilled water for 24 hours before they were 
broken wet. All the breaking tests on the wet and some of 
the conditioned samples were made without twisting the 
fiber. For the sake of comparison, another set of conditioned 
fiber samples was given one turn per inch of S-twist before 
breaking as described by Schiefer (15). Between 10 and 
20 tests were made on each lot of hemp. 
The fiber for the wet tests and for tests on untwisted 
material was stripped by hand of clinging foreign matter 
and epidermis, while that used for the twisted-strength 
tests was not hand cleaned but hackled through a medium-
fine comb before making into bundles. 
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COMPARISON OF RATES OF RETTING BY THE 
DIFFERENT METHODS 
SUBJECTiVE TESTS 
The determination of the extent and proper end-point of 
retting is largely dependent upon the subjective opinion 
of the person conducting the retting. Much experience is 
needed to master this art before uniform results can be 
assured. In order to arrive at a proper evaluation of the 
progress and extent of retting in this investigation, tests, 
similar to the "loose core test" of Davies (5), were carried 
out during the retting period in addition to observations 
made during the removal of the hurds from the fiber after 
processing the dried straw through a hand break and at 
the time of hackling. 
On the basis of the judgment of the operator, retting by 
the different methods appeared to be completed after the 
following periods of time: 
Anaerobic retting . 
Warm water (37 0 C.), pH controlled (7.0-6.2)-36-48 
hours 
Cold water (27 0 C.), pH controlled (7.0-6.2)-168 hours 
Warm water (37 0 C.), pH not controlled-48-60 hours 
Cold water (270 C.), pH not controlled-168 hours 
Aerobic retting 
Aerated solution (37 0 C.)-72-84 hours 
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Sprinkled continually (27° C.)-72-S4 hours 
High humidity (36°-37° C.)-120-144 hours 
Aerobic followed by anaerobic ret 
Double ret: cold (27 0 C:), 30 hours, aerobic; warm 
(37 0 C.), 25-35 hours, anaerobic-55-65 hours total. 
LOSS IN WEIGHT OF HEMP AS AN INDICATION OF RATE 
OF RETTING 
Hemp loses weight during retting, and this loss can be 
followed to det~rmine the rate and extent of retting by the 
different methods. Samples having an original weight of 
350-400 g. on an oven-dry basis were retted anaerobically 
for various periods of time and at various temperatures, 
removed, dried for 3 days at 70° C. and weighed. The 
loss in weight of Ames and Spencer hemp as a result of the 
·retting, shown in figs. 1, 2 and 3, indicates that in equal 
periods of time the anaerobic methods may be arranged 
in the following order of extent of loss in weight: Warm 
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water (37 0 C.) ret with controlled acidity > warm water 
(37 0 C.) ret with uncontrolled acidity> cold water (27 0 
C.) ret with controlled acidity> cold water (27 0 C.) ret 
with uncontrolled acidity. The rapidity of completing the 
retting, ·as judged by observation, followed the same order.' 
It is apparent from fig. 1 that before retting was com-
pleted the green Ames hemp lost much more weight than 
the Spencer hemp, even though retting was completed in 
about the same time. It will be remembered that the 
Spencer hemp had been exposed for a time in the field. 
Comparisons appear to be valid only when the same material 
is used. 
Although it is not entirely justifiable to use the figures 
for loss of weight during retting as a measure of extent of 
retting when comparing one method with another, there 
are circumstances in which this can be done. For example 
(fig. 4), by the time retting was completed anaerobically 
at anyone of four temperatures the total loss of weight 
undergone' by the straw was close to 9.0 percent. Similarly 
(fig. 5), Spencer hemp held under conditions of high humid-
ity for 144 hours lost the same amount of weight as that 
sprinkled for 72 hours, by which time they both were about 
equally retted. However, for equal degrees of retting, a 
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greater loss in weight always took place when the hemp was. 
allowed to ret by methods involving submersion. Taking 
into account that Elxtraction may be expected to accompany 
the submergence of the hemp, the differences in weight 
losses are not greatly dissimilar. Hemp straw retted by 
sprinkling or high humidity methods was coated with 
an added weight of fungal growth and slime that did not 
accumulate when retting took place under water. Slough-
ing of the epidermis was inhibited by these coatings. 
VOLATILE ACIDS AS AN INDICATION OF RETTING 
When hemp rets anaerobically, acids, principally volatile 
in character, are produced as a result of decomposition, 
and are not normally further oxidized. .Since oxygen is a 
limiting factor, these acids accumulate. The rate of pro-
duction of volatile acids was thought to be of some value 
in indicating the rate and extent of activity in the retting 
tank. Figure 6 shows the volatile acids produced in milli-
equivalents per 100 grams of hemp throughout the process 
of the retting .of Ames hemp. In general, the greater the 
rate of retting the more rapid is the production of volatile 
acids. 
The various anaerobic methods of retting may be ar-
ranged in the following order with respect to volatile acid 
production in equal time intervals: Warm water ret with 
controlled pH > warm water ret without control of pH > 
cold water ret with controlled pH > cold water ret without 
controlled pH. Differences in the amounts of volatile acids 
formed while retting by the different methods are more 
pronounced after the first 24 hours. There is an apparent 
direct correlation between' the rate of retting, the loss in 
weight of hemp and the production of volati~e acids. 
FACTORS INFLUENCING THE RATE OF RETTING 
TEMPERATURE 
The economical production of hemp fiber by a controlled 
retting method would depend in great measure upon the 
time required for retting because this would determine the 
tank capacity necessary, and therefore the capital expense 
involved. Since hemp was observed to ret more rapidly at 
37° C. than at 27° C., an attempt was made to determine 
the influence of temperature on the rate of retting. Retting 
under anaerobic conditions was carried on at four different 
temperatures: 27°, 32°, 37° and 45° C. Notes were taken 
on the condition of the hemp, and samples of known initial 
weights were removed at short intervals during the prog-
ress of retting. Data in fig. 1 show the losses in weight 
of both Ames and Spencer hemp at equal intervals to be 
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greatest at 37° C. Retting was decidedly slower at 27° 
and 45° C., taking about three times as long as at 37° C., 
while that retted at 32° C. required about twice as long. 
The influence of temperature on the rate of retting under 
anaerobic conditions was proportionately as great where 
the acids were controlled as where they were not controlled 
(fig. 4). Whenever the loss in weight of Ames hemp ex-
ceeded 9 percent, the hemp was fully retted. The time neces-
sary to ret the Ames hemp anaerobically at the different 
temperatures is given in table 1. 
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TABLE 1. TIME NECESSARY FOR COMPLETION OF RETTING OF AMES 
HEMP UNDER ANAEROBIC CONDITIONS AT VARIOUS TEMPERATURES. 
Temperature 
27° C. 
32° C. 
.17° C. 
45° C. 
Time of rctting--hours 
pH controlled (7.0·6.2) 
168 
84 
36-48 
144 
pH nnt controlled 
> 168 
96 
48-60 
144 
Retting by the "double ret" method also was most rapid 
when the temperature of the anaerobic period of the retting 
was held at 37° C. Under these conditions, after sprinkling 
for 30 hours, retting was complete in 55-65 hours, while the 
hemp maintained at 27° C. in both phases was not retted 
until more than 72 hours had elapsed. 
The rate of volatile acid production from Ames hemp 
under anaerobic conditions was markedly. increased by 
raising the temperature from 27° to 37° C., but at 45° C. 
the production was intermediate between that at 32° and 
37° C. in equal periods of time (fig. 6). Under controlled 
pH conditions, the production of volatile acids from Spencer 
hemp at 32° C. was about double that at 27° C. in 48 hours 
(fig. 7). The difference was' less when the pH was not 
controlled. 
ACIDITY 
Under anaerobic conditions bacterial activity is greatly 
retarded by the accumulation of acids. The influence of 
various· ranges of hydrogen ion concentration on the loss 
of weight of Ames hemp at 37° C. is shown in fig. 2. Com-
pletion of retting was reached about 8-12 hours sooner 
when the acidity was maintained above pH 5.6 than when 
acidity was not controlled and fell below this figure. For 
the most part, there was no appreciable difference in the 
rate of retting when the lowest pH of the solution was 6.2 
as compared to 5.6. Figure 8, showing the loss in weight 
of Spencer hemp as a result of retting anaerobically at 27° 
and 37° C: and at various pH ranges, also indicates that 
when the acids were allowed to accumulate so that the 
pH fell below 5.5 or thereabouts, the rate of retting. was 
retarded. Again very little difference could be observed 
in the rates of retting whether the minimum pH of the 
solution was 5.8 or 6.2. 
The production of· volatile acids from Ames hemp at 
37° C. as influenced by control of pH is shown in fig. 6. No 
appreciable difference in the accumulation of acids as a 
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result of the control occurred until the hemp had retted 24 
hours. Thereafter, less acid per 100 g. of material was 
formed when the pH was not controlled or allowed to drop 
to 5.3 before adjustment to neutral than when the pH was 
kept above 5.6. When 45 milliequivalents of volatile acids 
per 100 g. of hemp were formed, the Ames hemp appeared 
to be retted, irrespective of temperature. . 
These results should not be interpreted as meaning that 
the extent of retting or the amount of acids present can in 
any way be deduced solely from the hydrogen ion activity of 
the retting solution. As the time of contact of hemp with 
the retting solution increased, the quantity of volatile acids 
increased, even though the pH remained about the same 
(fig. 9). . 
Small amounts of nonvolatile acids are formed in the 
retting solution in addition to volatile acids. Although early 
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Fig. 10. Nonvolatile acids produced from Spencer hemp retted anaerobically with 
and without acidity contt:ol at various temperatures. 
in the process the amount of nonvolatile acids occasionally 
,approached 3 milliequivalents per 100 grams of hemp, 
usually less than 2 m.e. could be found (fig. 10). The 
temperature of the retting solution seemed to have very 
little influence on the rate of production or quantity of these 
acids. 
Partition of the volatile acids according to the method 
described by Osburn, Wood and Werkman (12) showed 
two-thirds to three-fourths to be acetic and the remainder 
butyric. Traces of other volatile acids were indicated at 
times, but these were not identified. There appeared to be 
more acetic acid produced when retting progressed slowly 
at 27° or 45° C. than when the retting was more rapid at 
37° C. (table 2). Intermittent aeration failed to change tlhe 
ratio of the two acids from that found in non-aerated 
solution. 
AERATION 
In order to overcome the retarding influence of the 
accumulation of organic acids on the rate of anaerobic 
retting, measured amounts of air up to as much as 4.8 
l/min/l were let into the bottom of the tanks containing 
hemp retting at 37° C. (fig. 11)3. The volume of air passed 
3 I/min/l=liters of air per minute per liter of solution. 
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TABJ,E 2. THE NATURE OF THE VOLATILE ACIDS IN THE SOLUTION SUR-
ROUNDING ANAI:;ROBICALLY RETTING SPENCER HEMP. 
\ 
Volatile acid 
Time ---
retted Treatment of solution pH Acetic Butyric 
---' 
Hours 
27 0 C. 
c:' 
"/0 % 
.10 Not aerated-no pH control. ....... . . . . . , . . . . . . $.8 88 12 
116 Not aerated-no pH control .................... 5.2 83 17 
.,0 Part of solution periodically aerated ............. 6.0 96 4 
116 Part of solution periodically aerated .. . " ........ 56 82 18 
.17 0 C. 
24 Not aerated-no pH control ................... 5.2 70 .10 
48 Not aerated-no pH control .................... 4.7 71 29 
72 Not aerated-no pH control. ................... 4.7 69 31 
24 Part of solution periodically aerated ............. 6.2 70 '>0 
48 Part of solution periodically aerated. . . . . . . . . . . . 6.2 75 25 
72 Part of solution periodically aerated. . . . . . . . . . . . . 0.2 71 29 
45° C. 
24 Part of solution periodically aerated. 
: :: : : : : : : : :: I 
5.6 98 2 
48 Part of solution periodically aerated. 6.5 82 18 
72 Part of solution periodically aerated. 6.2 82 18 
through the solution was measured by a wet test meter. 
The purpose of aeration was to provide favorable conditions 
for the development .--______ ' ___ -..:..-___ --, 
of an aerobic non-
acid forming popu-
lation. Hem p in 
solutions aerated 
continually at a rate 
of 4.8 ljmin/l and 
2.4 l/min/l was not 
retted even after 
120 hours. The loss 
in weight of the 
hemp is shown in 
fig. 11. That aerated 
at the rate of 1.6 
Umin/l retted in 
abo u t 84 hours, 
while that receiv-
i n g 0.8 l/min/l 
retted in about 60 
hours. Figure 12 
shows the pH of 
the "Various aerated 
solutions as retting 
progressed. 0 n I y 
when the aeration 
rate was lowered to 
0.8 Umin/l did the 
solution bee 0 m e 
acid. 
... 
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Fig. 11. Loss in weight of GrundY Center hemp 
retted at 37' C. in solution aerated at various rates. 
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Fig. 12. The pH of solutions surrounding retting Grundy Center hemp as influenced 
by various aeration rates. 
Another method of aerobic water retting was tried 
whereby the pH of the retting solution was kept constant, 
near 7.0, during the retting process by varying the rate of 
aeration. Retting by this method, compared to the other 
aerobic methods, appeared to be fairly successful (figs. 3 
and 5). Complete retting took place in 72 to 84 hours. Com-
pared to the anaerobic process, however, hemp retted more 
rapidly in every instance when air was not brought into 
the retting tank and an anaerobic population was dominant. 
Prevention of the accumulation of acids by aerating the 
solution in tanks separate from the main retting tanks and 
recirculating this aerated solution back to the hemp proved 
successful, as previously described. Table 3 gives the rate 
of aeration necessary to maintain a given pH range in the 
anaerobic retting liquor used to ret hemp anaerobically at 
various temperatures when the ratio of water to hemp was 
1/9. The greater the rate of aeration the less was the acidity 
of the solution. The difference in behavior of liquids from 
the Ames and Spencer hemp may be accounted for by the 
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TABLE 3. THE RATE OF AERATION OF REMOVED SOLUTION NECESSARY 
TO MAINTAIN A GIVEN pH RANGE IN ANAEROBICALLY RETTING LIQUID 
AT VARIOUS TEMPERATURES. 
Hemp to water ratio = 1/9. Three-fourths of the retting liquid withdrawn, aerated 
and replaced as necessary. 
Ames hemp 
Temperature 27· C. 32· C. 37· C. 
pH range 7.0-6.2 7.0-6.2 I 7.0-5.6 7.0-6.2/ 7.0-5.3 Rate of aeration: lfhour/I** 21-98 72-371 30-195 120-214* 101-145 I 
Spencer hemp 
Tempera ture 27· C. 37· C. 
pH range ................. 7.0-6.2 
I 
7.0-5.8 7.0-6.2 
I 
7.0-5.8 
Rate of aeration l/hour/l 20-65 19-63 54-197 19-80 
*3 separate solutions were necessary instead of the usual 2. 
··Liters of air per hour per liter of solution. 
45· C. 
7.0-6.2 
45-216 
45· C. 
7.0-5.6 
24·69 
fact that the green unretted Ames hemp was higher in read-
ily available constituents from which acids were quickly 
formed than was the Spencer hemp, which was initially 
slightly retted. 
INOCULATION 
Unretted hemp as it is brought in from the field undoubt-
edly bears large numbers of bacteria that may be active in 
retting. Though this population may be quite large, hemp 
allowed to ret under controlled anaerobic conditions without 
inoculation exhibited a distinct lag period before retting 
commenced and many times retted slowly and erratically. 
In order to overcome these disadvantages, the value of add-
ing various proportions of enrichment culture to the retting 
solution was investigated. 
Although the use of an inoculum of specific bacteria, not-
ably B. felsinem and B. comesii, has been frequently advo-
cated and practiced to some advantage, the maintenance of 
pure cultures and preparation of the inoculation for a 
large-scale retting process would have its disadvantages, 
since it would necessitate special equipment and additional 
technical personnel. Most of these disadvantages may be 
overcome by use of an enrichment culture from a previous 
ret as inoculum. Enrichment culture for the controlled 
anaerobic retting described above was made initially by 
allowing chopped hemp stalks to stand covered with water 
for 36-48 hours. The fermentation solution was decanted 
off and added to the retting hemp in the desired propor-
tions. 
In an attempt to ascertain the influence of the enrichment 
culture on the rate of retting, rets conducted without and 
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with additions of inoculum in such proportions as to consti-
tute 5, 10 and 25 percent of the total amount of water used 
in the tank were compared. The loss in weight of Spencer 
hemp retted under anaerobic conditions at 37° C. when 
no inoculum was used compared with the loss when 5, 10 
and 25 percent were used is shown in table 4. 
The results indicate that the use of enrichment cultures 
markedly increased the rate of retting and eliminated the 
erratic results. Additions of 25 percent enrichment cul-
ture appeared to be no better than amounts of 10 percent, 
whereas 5 percent caused only slight increase in the rate 
of retting over that receiving no enrichment culture. 
In a parallel series of experiments under aerobic con-
ditions the addition of 10 percent aerated enrichment culture 
to the solution used for sprinkling hemp caused the retting 
to proceed a few hours faster and to lose a little more 
weight in equal time. Moreover, the hemp having had this 
inoculum proved to be ~ess discolored by dark fungal growth. 
MATURITY 
The hemp from Grundy Center cut on Aug. 15, Sept. 1 
and 15, and Oct. 1, 1944, was retted anaerobically at 37° C. 
without control of the acidity in order to study the influence 
of maturity on the rate of retting. That cut on Sept. 15 
was a little past full bloom and represented much of the 
material cut for commercial use. For the most part, as the 
hemp became more mature, retting appeared to proceed 
more slowly. Figures 13 and 14, showing the loss in weight 
of the hemp and the production of volatile acids, seem to 
substantiate this observation . 
. RETTING OF HEMP ON A PILOT-PLANT SCALE 
In order to test on a pilot-plant scale the anaerobic retting 
procedure which on the basis of small-scale laboratory ex-
perimentation seemed the most satisfactory, a retting tank 
capable of holding a maximum of 200 pounds of hemp was 
constructed. The pilot plant was designed so that part of 
TABLE 4. LOSS IN WEIGHT OF SPENCER HEMP RETTED ANAEROBICALLY 
IN WATER TO WHICH VARIOUS AMOUNTS OF INOCULUM 
WERE ADDED (37" C.). 
Loss in weight of hemp-percent 
Anaerobic, pH controlled (7.0.5.8) Anaerobic, pH not conttolled 
Time ---
tetted Inoculum Inoculum 
hour. 0% 5% 10% 25% 0% 5% 10% 25% 
--------
----~ --
--
36 2.7 2.8 3.9 3.9 2.7 3.0 3.2 3.4 
48 3.3 3.7 5.4 5.5 3.5 3.8 4.4 4.6 
60 I 4.0 4.4 6.2 6.0 3.9 4.4 5.5 5.7 
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the retting solution could be removed to a separate tank, 
aerated to oxidize the organic acids and returned in a con-
tinuous process. 
The specific ob-
jectives of the pilot 
plant retting ex-
periments w ere: 
(1) To examine the 
possibility of con-
trolling the acidity 
during the retting 
of hem p by the 
aeration method; 
(2) to determine 
the number of times 
one solution may be 
us~d for additional 
rets when the acids 
are removed by aer-
ation; and (3) to 
obtain data regard-
ing the rate of aera-
tion and recircula-
tion of the solution 
that may be used as 
a basis for making 
recommendations 
for the controlled 
retting of hemp on 
a commercial basis. 
Mixed bundles of 
hemp obtained from 
different fields in 
various par t s of 
Iowa were used for 
rets no. 3 and 9. 
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Fig. 18. Loss in weight of Grundy Center hemp 
cut at various stages of maturity and retted anaero-
bically at 37 0 C. 
That used in all other rets was from Grundy Center. The 
hemp for rets 1, 12, 13, 14 and 15 was from a field cut Sept. 
15, 1944, while the material for the other rets was from a 
separate field cut Sept. 25. The selected hemp was stored 
as soon as it had dried sufficiently to permit bundling with-
out danger of molding. Only unbleached, unretted hemp 
that was not wetted by rain after harvest was selected. 
A diagram and photographs of the pilot plant are given 
in figs. 15 and 16.4 
The large retting tank, 2 x 8 x 6 feet, is made of sheet 
metal and painted with asphaltum B to prevent corrosion. 
The water in the tank is heated by a copper steam coil 
4We are indebted to Prof. E. V. Collins of the Agricultural Engineering Department 
for constructing the pilot plant and fdtnishing the drawing and photographs. 
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located along the bottom of the tank, the flow of steam 
through the pipe being regulated by a thermostatically 
controlled valve. A large removable cage that just fits 
inside the retting tank is designed for ease of moving the 
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hemp into and out 
of the retting tank. 
Aeration of the 
solution is accom~ 
plished by forcing 
air through an alox~ 
ite diffusion stone 
situated in a 4~inch 
pipe the intake of 
which is located at 
the bottom of the 
retting tan k and 
the outlet of which 
terminates in an-
other tank abo v e 
(see section AA, fig. 
15). The solution 
is lifted into the 
aeration tank, in 
which further aera-
tion takes place, by 
means of the air-lift 
principle. The rate 
at which the aera-
tion tank fills is de-
Fig. 14. Volatile acid production from Grundy termined by the 
Center hemp, cut at various stages of maturity and rate at which the 
retted anaerobically at 37° c. air is allowed to 
flow through the diffusion stone. The purpose of the.aloxite 
diffusion stone is to insure efficient use of air by breaking 
it into fine bubbles. Water is added to the retting tank to 
compensate for that displaced into the upper tank. In 
order to measure the rate of aeration a manometer is at-
tached to the air line. A return water line is connected to 
the two tanks in such a manner as to effect intake of the 
solution at the opposite end of the retting tank to that of 
the outlet. For experimental purposes, an electr~c rotary 
water pump ·is located in the return line to insure the 
delivery of a known amount of aerated solution to the 
retting tank in a given time. 
The temperature of the solution used for retting was 
maintained between 95 0 and 1050 F. Recirculation of the 
entire solution through the aeration tank and back into 
the retting tank was ordinarily accomplished in 3.5-4.0 
hours. The ratio of hemp to water was fixed at 1/28. 
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Fig. 15. Diagram of the experimental retting tank. 
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Loss in weight as a result of retting 48, 60 and 72 hours 
was determined on bundles of hemp of known initial weight. 
The yield of line fiber was obtained by decorticating the 
dried retted straw in a Johansen decorticator. 
An aeration rate. of about one-half volume of air per 
minute per unit volume of solution was sufficient to keep 
the pH of the retting solution above 6.0. In 3 of the 12 
aerated experiments the pH fell below 6.0 for a short period 
because temporary difficulty in the aeration mechanism 
caused improper recirculation. When no enrichment culture 
or only 10 percent inoculum was added, an aeration rate of 
one-fourth volume per minute per unit volume of solution in 
the a~ration tank appeared to be sufficient to keep the pH 
above5:9. (table 5). 
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Fig. 16. Experimental hemp retting plant. 
TABLE 5. CONDITIONS INVOLVED IN THE RETTING OF HEMP BY THE CONTROLLED ANAEROBIC METHOD AT 37" C. AND THE 
APPROXIMATE TIME NECESSARY TO COMPLETE THE PROCESS. 
- - -- ---- - -------
I I 
Ret 1 2 3 4 I 5 ' 6 i 7 8 PHofsolut~on~nretti~gtank............. 7.3·'.9 6.~.'.9 6.8-5.6 1.0-6.0 I 6.5-5.5 I 6.4·5.6 '~.6-6.2 ~.0.6.2 
pH 01 solutIOn m aeratIOn tank ............ 6.9·6.8 7.,-1.0 6.9-6.3 7.4-6.6'6.9-6.1 I 7.0-6.0 ! 1.0-6.9 1.4-6.9 
I , I Average aeration rate-llmin.!!............ 0.24 0.23 0.39 0.42 0.49! 0.42 i 0.52 0.43 
Inoculum ............................ _. . Kane 10% fresh 10% fresh 10% Irom #31 Solution of #4 ! Solution of #5 : Solution of 16 Solution of #7 
Completion of ret-hours. . . . . . . . . . . . . . . . . . 72 48-60 48·60 48-60, 48 I 48 I 48 48 
t ;" 
- ---- - --
Ret 9 10 11 12* 13 14 15 
pH 01 solution in retting tank .... 7.4·6.2 7.8·6.9 7.9·7.0 7.8-6.9 7.8·6.3 6.3-5.7 5·6.4 
pH of solution in aeration tank .. 7.7·6.9 7.9-7.4 8.1-1.5 8.1-7.5 ~otaerated :-1ot aerated 7.8-6.8 
Average aeration rate--l/mtnJI ........ 0.46 0.57 0.50 0.53 0.50 
Inoculum ........ ................. Solution of #8 Solution of #9 Solution 01 #10 Solution of #11 Solution of #12 Solution of #13 100% fresh 
Completion of ret-hour~ ........... 48 48-60 48·60 48 48-60 Kat in 4 days 48 
- ---- ------ -- - ---- - -------.----------
"'Not aerated the first 6 hours of retting. 
~ 
~ 
-:t 
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Hemp placed in water to which 10 percent inoculum had 
been added retted about 12 hours sooner than when no 
inoculum was employed. The use of 100 percent enrichment 
culture, i.e. using the solution from one ret for another, 
resulted in faster retting than when only 10 percent was 
carried over. The accumulation of acids again appeared 
greatly to retard retting (rets 1 and 14). Whenever the pH 
of the solution fell much below 6.0, retting seemed to be 
slower. Optimum retting took place in solutions of pH 
values between 6.0 and 7.5. Noticeable retardation of retting 
appeared when the pH values approached 7.8. This was 
easily remedied either by reducing the rate of aeration or 
stopping the aeration altogether for a short period of time, 
as was the case in ret 12. ' 
Of practical significance to retting on a commercial basis 
is the number of times the solution may be used for addi-
tional rets. The greater the number of times the same 
solution may be employed, the greater is the conservation of 
water, and moreover the problem of disposal is reduced. In 
order to test the anaerobic-aeration method for efficiency 
in the conservation of. water, 10 successive rets were con-
ducted with the same solution. The results, as shown by 
the data in table 5, and the loss in weight of the hemp (table 
6) furnish proof that at least 10 successive rets may be 
successfully conducted with the same solution provided the 
pH of the solution be kept within the optimum range. In 
addition, at an average aeration rate of about 0.5 liter per 
minute per liter of solution, the mean pH of the retting 
solution slowly increased with each successive ret. Con-
tinued aeration at the same rate would eventually result in 
an alkaline condition that would be detrimental to the 
further progress of retting. Reducing the rate of'aeration or 
stopping the aeration for short periods readily permitted 
TABLE 6. LOSS IN WEIGHT AND YIELD OF FIBER FROM HEMP STRAW 
RETTED ANAEROBICALLY AT 37" C. IN PILOT PLANT. 
Loss in weight of hemp %* Yield of fiber percent and percent line" 
Ret 48 60 72 48 60 72 
No. hours hours hours bours bours hours 
4 9.3 10.8 11.3 21.4 (92) 
i9j'(8'£) 21.0 (84) 5 9.5 11.0 11.3 19.8(81) 20.0(79) 
6 9.5 11.0 12.3 20.1 (90) 19.1 (79) 21.0 (89) 
7 9.3 11.5 12.0 20.5 (85) 20.4 (89) 18.1 (87) 
8 9.7 11.4 12.6 20.5 (84l 20.1 (85) 20.5 (90) 
9 10.9 11.9 12.1 17.8(85 19.6 (93) 18.9 (86) 
10 9.3 10.0 11.2 .... .... . ... 
II 8.7 10.0 11.6 .... .... . ... 
12 10.1 11.4 11. 6 .... .... . ... 
13 10.3 10.3 10.8 .... .... . ... 
14 8.5 8.7 8.9 .... .... . ... 
15 11.0 11.3 13. I .... . ... . ... 
• Average loss of weight of two bundles. 
"First figure is yield of fiber as percent of straw; second figure percent of line fiber. 
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the pH to fall to a more favorable level for retting. (See ret 
no.12.) On the other hand, completely stopping the aeration 
of the re-used solution again allowed acids to accumulate to 
the point of inhibiting retting. (See rets no. 13 and 14.) 
Retting was almost completely inhibited when the old solu-
tion was used for a second ret without aeration. 
The striking uniformity of,the ret between the different 
trials as a result of re-using the same retting solution is 
an additional advantage of this anaerobic-aeration method 
not to be overlooked. 
In order to study the influence of time of retting on the 
yield of line fiber, 6-pound bundles of hemp retted for 48, 
60 and 72 hours were processed in a Johansen decorticator. 
The line and tow were collected and weighed. About 80 to 90 
percent line fiber was obtained. No correlation could be found 
between the time of retting and the yield of line fiber, indi-
cating perhaps that even after 72 hours of retting the fiber 
was not weakened to the point at which the percentage of 
tow would be increased. 
CHARACTERISTICS OF THE FIBER OBTAINED 
BY THE DIFFERENT METHODS 
ANAEROBIC 
Hemp retted under anaerobic conditions by all the meth-
ods described produced fiber of about the same quality 
and strength. The color was lighter and more desirable 
than that of field-retted hemp. Unless the hemp was sun-
bleached prior to retting, as in the case of the Spencer 
sample, the fiber retained a faint green coloration even after 
hackling, although it was quite free from epidermal tissue. 
When fully retted the texture was good and noticeably more 
uniform than that of most field-retted samples. 
Dry and wet breaking strength tests (table 7) were 
carried out. Anaerobically retted fiber was always strong, 
and retention in the tank for a period longer than that judged necessary to complete retting did not result in 
appreciable loss of strength. Over-retting would not be 
likely to be a problem in practice. There was some indi-
cation that control of acidity during retting resulted in 
the isolation of slightly stronger fiber than when acidity 
was not controlled. 
AEROBIC 
SPRINKLING 
Hemp retted by continual sprinkling invariably became 
discolored with fungal growth before retting was complete. 
Generally in about 30 hours the fungi first appeared in 
abundance. Thereafter, their growth was rapid until ret-
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TABLE 7. BREAKING STRENGTH OF FIBER FROM HEMP RETTED BY CON-
TROLLED METHODS AND IN THE FIELD.' 
I Conditioned Wet Source I Time -------
of Treatment of hemp and retted Not 
hemp 1 methods of rettlng hours Twisted twisted Observations 
----!!---------------1·--- ---1-----------, I Kg/gt Kg/g Kg/g 
Anaerobic. . .... . . . . . .. . . . . .. .16 113± 2. 7t ... 
37° C.... .. .. .. .. . .. .. .. . 72 112± 3.4 .. . .. . 
Slightly under-retted 
Optimum ret 
Slightly' over-retted 
pH controlled (7.0.6.2) ...... 1 48 71±7.0 35±0.6 
Anaerobic ................ "1 36 \o4± 3.4 --.-. -. - --.-. -. -I--U-n-de-r--r-et-te-d---
pH not controlled. . . . . . . . . .. 48 104± 2.1 Slightly under-retted 
1.170 C ...... "............... ~~ ~2±4 2 66~3.5 _25_±_. 3_ .. _II_~I_fg_t~_tl_~_'::_:_~:_-r_et_t_ed_ 
1~;~' I Aer~bic-aerated solution 37° C.[96 ___ 39± 7.0 .. . Optimum ret 
I
· SPrmkled..................... 84 74± 3.1 .. . ... Optimum ret 
1943 Solution never acid. . . . . . . . .. 96 67 ± 4 9 . . . . . . . Slightly over·retted 
crop 120 M± 2 0 . . . . . . Over-retted 
--------
I fo°h~;~ ::~'i'; C.:-:-:sp~i~kie·d : : I 60 . " 71 ± 5 7 32± 1.1 Optimum ret 
30 hrs. at 37° c.-anaerobic .. i ___________ 1 ________ ___ 
____ '1 Highhumidity37°C, ........ ! 120 70±1.9 59±6.732±1.0 Optimum ret 
Anaerobic-37° C ............ '1 .16 102 ± 1.4 . . . . . Slightly under-retted 
SPI~,~~r, 1 pH controlled (1 0·6.2) ..... 'I~ 90± 3 9 .. . Slightly over-retted 
I 
Anaerobic .... . . . I 36 91 ± 2 0 . . . Under-retted 
1943 pH notcontrol1ed . 48 85±3.5 .. , Optimum ret 
crop 37° C .... , ..... '-'1 72 1.J± 2.7 .. . Slightly over-retted 
Highhumidity37°C ....... '120 ... 71±6.211±29 Optimumret 
Grundy I I-D-a-y-s --------
Center, 19 ... 36±O.3 6±1.1 LineHlretted 
_
Iowa I' 46 50. . . Line #2 not com-
pletely retted 
Washing· 1---
lon, 
Iowa 
Rritt, 
Iowa 
Juneau, 
Wis. 
1942 
Field 
retted 
I 10 ... 97±3.5 35± 1.4 Sunbleached-un-
ret ted 
i 117 .. 14±8.836±0.7 Slightlyretted 
145 --- 56 ± 6.2 . . . Line #2 fair ret 
40 60± 4. I . . . Line #3 fair ret 
,------.. -.-45±4,2 
.. . J9± 1 5 
Line #1 optimum ret 
Line 12 slightly over-
retted 
'We are indebted to Dr. Rachel Edgar, Textile Chemistry Subsection, for assistance 
in obtaining breaking strength data. 
tKiiogram of breaking strength per gram of fiber 15 inches long. 
I "'d 2 
tStandard errOr V n(;;--l) 
ting was completed. The use of an aerobic enrichment cul~ 
ture delayed the attack by the fungi 8 to 12 hours and 
resulted in a lighter colored fiber. The Spencer hemp, having 
been on stubble for a considerable length of time before 
being picked up, no doubt became thoroughly inoculated 
with fungi. Thus, the fungal attack on this hemp appeared 
earlier and was far more abundant than that on the Ames 
temp. Perhaps this was a factor in causing the Spencer 
hemp to ret somewhat faster than the Ames hemp. 
The fiber from sprinkled hemp was not so easily separated 
from the hurd nor so readily hackled as the hemp retted 
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anaerobically. The microbial gums and slime produced 
during retting coated -the fibers and on drying made the 
epidermis difficult to remove. The hackled Spencer fiber 
was light gray, and the Ames hemp was a green~gray color. 
The fiber was fairly strong and quite uniformly retted. 
HIGH HUMIDITY 
Hemp retted under high humidity conditions produced a 
fiber about the color and texture of the best quality of field~ 
retted hemp. The fiber appeared darker in color than that 
retted by sprinkling, and somewhat weaker. There was 
some danger of over~retting by this method, since the 
fungi did not always cover the stalks uniformly and small 
sections of the hemp were better retted than others. 
AERATED SOLUTION 
Fiber from the hemp retted by submergence in water that 
was continually aerated had about the same color as that 
retted anaerobically, though the texture seemed to be some-
what harsher and the fibers' a little brittle. Strength tests 
showed the fiber to be decidedly weaker than any of that 
retted by other controlled methods, being comparable in 
strength to ~emp retted in the field. 
DOUBLE RETTING 
Retting anaerobically after sprinkling for 30-36 hours 
served to hasten the retting over that sprinkled continually, 
prevented much of the fiber discoloration caused by develop~ 
ment of fungi during the latter stages of retting, and 
eliminated the excessive slime covering the stalks under 
conditions of continuous sprinkling. The fiber was usually 
similar to that obtained by the anaerobic process, but a 
little more discolored. According to tests, the strength was 
good, but the fibers separated less easily than those retted 
wholly by the anaerobic process. 
GENERAL DISCUSSION 
The retting of hemp by various controlled methods clearly 
demonstrated that a fiber of greater uniformity and higher 
quality could be obtained than when retting was performed 
in the field. Methods for identifying the end-point of 
retting, so necessary in the isolation of a high quality fiber, 
were examined. Eyre and Nodder (6) .and others (4, 10 
and 11) claim that the end-point of flax retting could be 
identified by determining the rate of acid production, other 
than carbonic, the rate varying characteristically with the 
stage of retting. Only when the hemp was from the same 
source and of the same size could· the loss in weight of 
hemp or the rate of volatile acid production be of any value 
in determining the end-point of retting. The loss in weight 
of hemp and production of acids varied considerably with 
ripeness of the material, previous treatment, and tempera-
ture of the retting solution. A study of acidity curves from 
rets of the Ames, Spencer and Grundy Center hemp, par-
ticularly at 37 0 C., failed to reveal any common charac-
teristic that could be consistently correlated with the end-
point of retting. Should controlled retting be put on a 
commercial basis, the processing of hemp of considerable 
variation in ripeness, size of stalk and stage of partial 
ret would have to be considered. It might even be necessary 
to process hemp from different sources separately in order 
to obtain the highest quality of fiber. 
There is reason to believe that the demand for hemp fiber 
might not be limited to material of the highest quality. It 
might be good economy for a fiber industry to utilize various 
methods of retting according to the nature of the product 
most in demand. Indeed, for some uses a slight sacrifice in 
quality might be acceptable if it resulted in a lower cost of 
production. It is with this in mind that some of the methods 
for controlled retting were considered. Of the many choices 
offered for rettinghemp, each method suggested here has 
specific advantages not enjoyed by the other methods. The 
main bulk of the hemp might be field retted, and the sprin-
kling or high-humidity chamber method employed in an 
emergency when field retting was incomplete. Furthermore, 
these processes could be used in areas where field retting 
is not possible because of insufficient moisture, if a fiber of 
the highest quality is not demanded. In the event that the 
high humidity method were used, space that could accom-
modate three to four times the volume that could be dried 
or scutched in one day would have to be provided. The 
simplicity of retting by sprinkling the hemp offers the possi-
bility of obtaining fiber relatively cheaply. Bundles of hemp 
stacked on a platform could be sprinkled by an overhead 
system and the water led off to a tank to be recirculated. 
Should the retting be conducted in warm months, enclosure 
in a building would not be "necessary. Artificial methods of 
drying would have to be provided to stop the retting prompt-
ly at the proper stage. 
There are some disadvantages in the tank methods of 
retting that may offset the advantages of producing a fiber 
of superior quality and uniformity. The anaerobic methods 
of retting would require considerable tank capacity. This 
would be even greater where control of acidity by aerating 
the solution in a separate tank was desired. Since retting is 
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hastened and quality of the fiber is somewhat better if 
acidity is controlled, this disadvantage may not be particu-
larly serious. Moreover, the demand for water would be 
less and the problem of disposal not nearly so acute, since 
the same solution could be re-used a number of times. Under 
anaerobic conditions if the acids were not removed by aera-
tion, the old solution would have to be disposed of and the 
tank-s refilled with fresh water for each ret, except for a 
small amount retained as inoculum. 
SUMMARY 
1. Various controlled methods for retting hemp were 
investigated. These included anaerobic and aerobic pro-
cedures, and a combination of the two. 
2. Controlled methods of retting in general released a 
fiber superior in quality and uniformity to that ordinarily 
obtained by field retting. . 
3. Retting in tanks under anaerobic conditions was more 
rapid than any of the aerobic methods, and produced a fiber 
with more desirable characteristics. 
4. Retting under anaerobic conditions was most rapid 
if the temperature was kept at 37° C., the acidity of the solu-
tion was held to a minimum, the solution was undisturbed, 
and an enrichment culture added initially as inoculum in 
amount equal to 10 percent or more of the total tank solution. 
5. The principal acids produced under anaerobic condi-
tions were acetic and butyric, the former predominating. 
Some nonvolatile acid was also produced in lesser amount. 
6. Acid accumulation and consequent retardation of the 
retting process was prevented by aeration, and later return, 
of a portion of the retting solution in a separate tank. 
7. The loss in weight of the hemp and production of 
volatile acids may be used to a limited extent as indicating 
the rate and degree of retting on a laboratory scale, pro-
vided that uniform material of the same source and maturity 
is employed. The end-point of retting for hemp of mixed 
sources, such as would be obtained commercially, could not 
be judged from volatile acid accumulation or loss of weight 
of the straw. 
S. A small pilot plant with a capacity of 200 pounds of 
hemp straw was operated successfully. Anaerobic condi-
tions were maintained in the tank, and acid accumulation 
was prevented by continuous withdrawal, aeration and 
replacement of the tank solution, which was repeatedly 
re-used. 
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